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(54) SPIN VALVE THIN FILM MAGNETIC ELEMENT, THIN FILM MAGNETIC HEAD, AND 
PRODUCTION OF SPIN VALVE THIN FILM MAGNETIC ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce the asymmetry. 
SOLUTION: This element 1 is equipped with a laminate 
on a substrate, and the laminate comprises a free 
magnetic layer 44 and nonmagnetic electrically 
conductive layers 43, 48, fixed magnetic layers 49, 42 
and antiferromagnetic layers 50, 41 formed on both 
sides of the free magnetic layer 44 to the thickness 
direction. The magnetization direction of the first 
magnetic layer 49 farther from the substrate is fixed in 
one direction by the first antiferromagnetic layer 50, 
while the magnetization direction of the second fixed 
magnetic layer 42 near the substrate is fixed in the 
direction parallel and opposite to the magnetization 
direction of the first fixed magnetic layer 49 by the 
second antiferromgnetic layer 41. The first and second antiferromagnetic layers 50, 41 consist 
of an alloy containing Mn and at least one or more elements of Pt, Pd, Ir, Rh, Ru, Os, Au, Ag, 
Cr, Ni, Ne, Ar, Xe and Kr. 
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Ml Ty^h'J- (Asymmetry) £4^<-t& 

m$u\tm®iz&«immmm4 3 „ 4 8 t bssk 

tt«4 9, 4 2tR3U8ttS50. 4 1 fc#8«SiiT 

<om i s^«tt«4 9<oa^iii]*»\ m i sss&ttfl 5 
^attt«4 2oaE-fttri6]*«. ^2^attt«4 1 izx o 

*U 811, SS2R3S3Ktt!5CK 4 Hi. Pt, Pd t 
Ir, Rh, Ru. Os. Au, Ag, Cr> Ni, N 
Ar, Xe, K r<Oo *>W*Kc< 1 1 lg£fcte2 




1 

iw$m i ] 7 y -mm t . iyfB7 y -attti^w 

«fc^«3ftT££««tt£mtfc^;tSfc£fc. 

ME&l. S&2R5l8ttBli. Pt. Pd. Ir, R 
h. Ru> Os> Au, Ag, Cr, Ni, Ne, A 
r. Xe. Kr<r)ot>ffyJ?%<ti>in£t:ii2n&Lk 

[ft*Ji 2 ] iuiE7 y xmbwam t . 

i319HK+l3W«ttf*l 7 y-ffll«ftt«B2 7 U 
HKttJlfc^&O. 1K!ftl7UHHUM:1lf!fll2 

1 7 y -mm<7)Ma>ipikm!&27 v-m&mvm 
^foittwzK^fftztix^hztzmit-tm 
im i wsp>* v>'W7mm88M¥. 

X.Mnioo-. 

fit. Xti. Pt. Pd. I r. Rh, Ru, Os<T>o 

"hwy+s; < 1 1, i mb07cfre*> y . fij&tt^-rm 

te. 5 2S^%^mg6 0M^%Ti>S. 
X«Mnioo-o 

{IL. Xti. Pt. Pd. I r. Rh. Ru s OsC03 

*><r&%< fc i, i wxhnjmxb *) . fij£it£^-rm 

{J. 4 8M7%SmS5 81£7%'ej)£. 

^s^-c&s c t $mibt&mm 1 s^lii* 

«2fB«^xeyA>7S&Jgag^r. 

P tqMniOO-q-nZn 

{SL. ZJi. Au, Ag. Cr, Ni. Ne, A r s X 
e . K r(03 *>CD'J>%< fc i> lSi^«2SJiU:^7^ 
T'&y. fflj£it£*rfq. nli. 5 2If%^q+ng 
6 0K7%. 0. 2®^%gn^lOJS^r%T'*>S. 

i t iti&k-ttnxm 1 fr»unt 
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PtqMniOO-q-nZn 

(ML. ZJi. Au. Ag. Cr. Ni. Ne. Ar, X 
e. KrOd^^5r<fct>iaiJta2aah<7)7C^ 
X't>"). aj«it^t q. ntt. 48M : f%^q + ng 
5 8Sr?-%. 0. 2Si i %SnglOJg- : F : %-C*>S. 

[fs*«7 ] Miens i mm&mu. Tiimti&ifr 
h%&^x-bzztzmibi-&mmi%^im 
m2micvxK>'vu~mmmmm?. 

PtqMnioo-q-jLj 
10 ffiL. Ui. Pd. I r. Rh. Ru. Os(0^(V> 

&< 1 1> i a* tti 2 ajajicoTcm-c* o . wut&a 

"fq. jtt. 5 2JS^F%^q + j ^6 0IS^%. 0. 2 
j ^4 0S^%-CJ>S. 

[§sr£«8] ®mb2%3m&mii. Tfeofflj^** 

fc$r*££T**£fc ^ft&fc^ SfS^JB 1 &v^LIft* 
3S2iBK^xeyy^7^«lsa^i 1 . 

P tqMnioo-q-jLj 

fflL. L(i. Pd. I r. Rh. Ru. OscOd*><^ 

&< 1 1, i aa/v:ii2aja_h(^c^TA o . mmtz^k 

20 -Tq. j«. 48lH i %=£q + j ^5811^%. 0. 2 
S4 0JS^%"C*S. 
C^*«9] X5>fy(C«*«l^VvLa«JB8^ 
<OXe WN'^7«^ISBBE^S^fi|^ $>tLX%h ZbZ 

imm io] 7 y -mmt , fne7 y -s&tts<o 

JiS*IfelMIBI{cfia^S2o^JKtt^«Jit. boE2 
o^N8tt^«Jlt-en-P/U§S«fr^^l. ^2@^JK 
ttJlfc. BfliE^K m2@^attt«tKgfLT. Pt. 
Pd. Ir. Rh. Ru. Os. Au. Ag. Cr. N 
30 i. Ne. Ar. Xe. K rcOd *?<D4*5r< fc t> 18* 
fcli2SJyj:<D7CSfc Mn fc £itttfr&)>t,%m 1 . 

m2ranaiti t imLUzmxmm txmmttzBfSL 

mmmftizm 1 nmx&msaL^m 1 oi^aaas 
t^itT. liffasBi. 2K^wm\z-mmm. 
%*mz*txwmi. m2@^tts<oa^iBi- 
3firi»i K@o?e-*- 5 fc ft t . ffitemz \,z& ^momem 2 r 

miK3Si«tt««^S!S*tta*J: 0 fc*fc L. 
40 l5fBmiWK^{C«LH ;s l i tT-CS>l.m2wai#-&EPJnL 

ooiism 1 crmm&%.£ *) t> 41 2 ^ifej&ajas 

fc Sr^fc -Tl.T.eyA^TSSMia^^c^g^ 

[a««l 1 ] MiB^2<0«^<^»§«. 5fe^|Si«l 
mtz£ 04 tfcmEm 1 R^EBEtt«w^iM*ttaE* i 

o*#<. 5feo^pitcj:y4t^ffiem2rasiaEtta 
y /Jn§ v >£ fc s-^pfflfc -titasa 1 
50 om^^y^TWimsm^ms^m. 
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a. 

immi3] ffiBIS2<0^M{i2 5 0X:~2 

7 oxw^h-c** £ t zmwLk-rzmm. i o&ul 
a. 

[0001] 10 
[0002] 

tta^fifil3ft*^*-r«^SrfiiX^AMR (Anisotropi 
c Magnetoresistive) K fcE±^t^ffil^i2^^£5rt 
*?2:^ii;^.;fcGMR (Giant Magnetoresistive) ^>y H 20 

ttmmm<im~e. WLWx^mmzmxma 
fm^twht. 30 

[0 0 0 3] 01 2&tf@l 3l4ft#<9XtyAyl/7'S» 

/i^-ji^issfrcfco. trnx^y^ymmmm 

yKtfffl&&h.?V*&. ^fcM£B4ffl«GMR'V.yK 
Tt>4<-\, iOGMR'v-y FJ4. 4 >jT9 1 rA 7*»>* H 

[ooo4]0i2 k^x vyrtfrzrmmmsm? 

3J4. 7'J-ett^$r^fcLT^±T^Natt#S 

z.<^r^rivx\iy^)v-rmsmssmFHt. ^u-a 
tt«/^Natt^m«/@saitts<o3Scofi^w2ffl 50 
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^arra^t. 7 y -wm/im&mm/m'm. 

®m<7)3m<r)mr£tf 1 fflT'J>& ^y^x \zyrt)V7 

[ 0 0 0 5 ] m 1 2&t/0 1 3 fcTjrfX tyK/PTMif 
B8a$ySHP3{4. 0*T*^TifcBl 0. Sg2R3$fiBtt 

■11. ^2@g?att«i 2. ffimin, ?v 
-mm 1 4 5. i7{icojg. i$^i6j±n 
iFe^ii . ^Bimi 8. $iQ£&ttBi 

9 . m 1 KHBMSJI 2 O&tfffigJg 2 1 #R<KKJI3*i: 
X%hi><oxhh. ft. Hi 3t:^tJ:3t:, THSBl 

13 0 fc&«S 1 3 1 jWBj£3*tTV>S. 
[000 6] 81. 2@SatttSl9. 1214, mitt 
Com. N i Fe-£&. CoN i Fe^ CoFe^ 

^fc'T»«^Tv^. a*, mi. 2Rmmm2 

0. 1114. PtMn^ XMn^dU X«. 
Pd, I r. Rh. Ru. O sC93 *><Wr< i: t 18 
i/d42aiiUi<07S) sfc7tl4PtMnZ£& (ffiL. 
Z(4. Pd. I r. Rh. Ru. Os. Au. Ag. C 
r. Ni. Ne. Ar. Xe. K r £7) d *>tf)4"fr < fc t 

im£tzi*2WjL±M±.<7>7tm) wrt&tzxom& 

ZtlX^h. 

[0007] 012fc:^rfgll@5£«ttS19&tfSfi2 

asaiti i 2i4, m 1 . s?s2K58s&tti2 0 . 1 1 1 
<omizxim&&iz£&&mifffiiR <-*fitt3< 

I4. H^Y^A. -^r^ffiS^ite&^fSti-S^ifii </\ 

[00 08] ifcfc. 7'J-«1tfll4(4. AWTXJIl 
SOi^cOlKSfci^TfiBE^nT^JK^t^ii. 

19. i2oa^init^x-f-«,*[6ifc:}itx^Tv% 
7U-fistitii4*«>'NMrxai3 0fc:«j:'3maK 

ikZtihZklzi*). *)V9**7*lyJAX<rm&im 
[0009] ^KOXty^'^^SISffl^^ 3t;fcU 

•c(4. mmm 1 3 1 t-hv v-m&m 1 4 . im&mm 

118. 13X1X^1. ®2@^fiBlttll9. 12tS 

ots^^-x^. zijmzi&n-r&timmieim*t> 
comhM^tmpYij^zm^x^i *>ti& t. yv- 
m&m i4<rmt)5foifiyjjfofrhY-)imzw j tx , m 
•tz. zny v-m&m 1 4ftX'om{tmcrmtokm 

1 . 2@^aittii 9 . 1 2<mtenfot<n%mxm& 

[ 0 0 1 0 ] ^<7)XtfyM>yM^lga^^ 3 

a. Ttfui 1 o*^«ai2 1 zxcD&mzfmmmL 
t:mzwg>*T--}i' (mm) ^iirt-ttio. m 

1. m2H5aa&Jil9. 12k»l,»2rai8Mt)i 
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2 0. 1 1 tco*ii?ti<7)mtzximmm.ftz%. 
til. 

[00 11] 

j^mnmmm^s^zti^xM.. m i A^tx o 

x. yy-wmi4<vm3s$\ (h 3 ) km. m2 
®%mm 1 9 . 1 2<7M{&jiin <hk h 2 ) t*qt$ io 
L-a^c:k##*u>#. m. m2H^att«i 

9, 1 2*^jSh.^ff^aElf <H 4 . H 5 ) 0*Y 
*l6j<0S*ttri6l*^ 7 U -mm 1 4 fcftA L. z\<r>M 
&?m#(H*. Hs ) #. H 3 ^Y^r|6jc0R«*-|fi]fflHc 
ffittT He k LT Lt d *:*>. 7 'J -HtttB 1 4£7>aMb 

*i6)5:aii. htzvxwU rxom&mmt & o . 7 >j 

-S&ttJ114<7)M3f[6] (H 3 (Hs) ) kSSl. »2@ 
^«Ett«l 9. 1 2<0«fl^r|6) (Hu H 2 ) Srl3c$-«*- 
^ktfTSSK&oT. S^ift^ltfrfHt. BP*=>7 
isy*hV-( Asyinretry ) < "tS CI k &XZ & 20 

^kv^^Stofcofc. 
[0012] *WWi. JJB<ol!S£j)?i*-f 

®j±lX. Ti/V*Y*)- (Asymetry) fc/N*<-*-6 
[0013] 

^fmmmm^t. 7 y -mm t . mS7 y - 
mmcom2iifomm£&«4m&mmt®%mm 
tKmmmtimmztixzmmmmsLkizm 
1 k^c. mi? v-mmcmti^iwammi 
mm^mz*tixioctzmtz®ti>u rxm 

mnmimsmmnrntefifotf. imthmisam 

mtz£*)-1i$Uz®%.2tl. riSSt&«2 40 

*u ariessi. ®2%smmit. pt. Pd. 1 r . 

Rh> Ru, Os> Au. Ag, Cr s Ni. Ne, A 
r. Xe. KrcOd*><^5:<i:t>lS^3tJi2ami 

[0014] *%ty<nx\z>j<.)V7wmwm§m=f-tzi$ 

WCtt. 03fc^-TJ:dC 8l@5aattJ14 9c7)Htffc 
( Hpi ) im*Y*ft<ORmfa£W&1x^ %Z 50 
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®%mm4 2CVBUt1jfo < Hp 2 ) *50^Y*-|6]{Cil« 
SftTisy. HpikHp2*55:v^R¥tTi:$flTS. £ 

fc. 7 y -attt«4 4 oofbsrfl ( H f > 7x1 

*^i?)fiB^fcJ:'3H^X^|6i{cfiii.^TV^. SHI. 
&2@59attJl4 9. 4 2*fcWlfc5MH t »& 
(Hdu Hd 2 ) CO^ltfUi, 7y-Ktt«44fc:tJV>TS 
WcKTtTkSrO. £*l£>;Rffifla# (Hdi. Hd2) 

y u -»tt«4 4 i=*> wcsv^c^feLT . 7 y 

B44fcffiA-T5C:k*^^cOT\ 7y-g&ttJl44<D 

a^fa (Hf) «. mi. m2®%mm49. 42 
co«^i6]fci^§ixT«<^k^<. 7y-att« 
44wrxrtmtfm%tz%z. miws&ut 
m4 9**t>mivrz.Mm=Fm# <H d i ) m2®%m 
;i4 2tftAL. m2Mmm4 2frt>mtifzjm? 
gj# <Hdi) «. mi@s«ttB4 9taALT. m 

1. 8S2B5aaiM4 9. 4 2*t5utatmwtte^-$ 
fiSOT. ftSBKIW;:J:i>f&S£J5^k*£ltS::k# { 

fc, »i, m2mmmw, pt. pd. 1 r. r 

Ru> Os. Au, Ag, Cr, Ni. Ne. A 
r.Xe. Kr<r>oh<7y^<khimttzli2mik 

K^Sr^^TlSl. 3S2BGg8**ttl4 9. 4 2c0®[ 

jK^tt,^»T*^cot\ mmmg&mmi&miz 
rnifzx^yj^uymmmmM^mm-thzti)^ 
mtz%&. 

[0015] xminxvyrtfiywrnimsm^*. 
mzimnxtyrtfrymmmmmTTb^x. ma 
7y-»tt«*<. ^Natt+Het. wraywatt+rai^ 
m&i 7 y-j»tt«a^27 y-EBttt«k*^^ 
o . late® 1 7 y-mit«k 15^2 7 y-aiw*^ 

^tra£ffittWfcfg£3fvt . I5E^ 1 7 y -UttBO 

awKriinfc fnam 2 7 y -ffittacoafk^rifij^^fcs: 

TOk ZtiX^&Z k ?:#ak-r&. 

[0016] Htness 1 %&®.mii. te<o«js^*^ 
^•s^t-^&i k mt LV \ 

XaM nioo-n 

fflU X«. Pt. Pd. I r. Rh. Ru. Osff)o 

h<ry)>-%< k t> l ffltLh<07c^T'J> y . ffl^Jt^^m 
\i. 5 2IS^%gmg6 01S^%T*>S. mm 

2m.rn.mit. iii(?>mii&ifri>%&&&x't>?>zt 

XaM nioo-n 

{HL. XJi. Pt. Pd. I r. Rh. Ru. Os<93 
*>CO>J>%< k 1 1 atLhcOTC^-eS) 0 . fflfi)Ut£^m 
«. 4 8IS^%gmS5 81S^%-p*>l.. 
[00 17] 2*:. B?SlglR^©ttl{i. Tieofflfiic 

P tqMniOO-q-nZn 



. 7 

fflU ZJi. Au. Ag. Cr, Ni. Ne. Ar, X 
e . K r COO *><D'J?%< 1 t> 1 Mttzii 2 W&tCDivm 
T'* 1 ). fflj&t£*?tq. n«. 5 2gf%<q + nS 
6 011?%. 0. 2S^%gn^lOJK^%T*&. H 
£. frfESB2KBi«tt«li. TIB£Offl|ft^*^^&^ 

P tqMniOO-q-nZn 

fflU ZJi. Au. Ag. Cr. Ni. Ne. Ar. X 

X't> t ).®mt£*t<l. nli. 4 8®^%sSq+n=£ 
5 8JI?%. 0. 2iS^%gnglOS : P%T-*S. 

[ooi8]^. fnemfcsaKttWi. nanms. 

P tqMnioo-q-o Lj 

{IU LJi. Pd. Ir. Rh. Ru. Os<r>o*><ryy 
■fq. j«. 5 2H^%^q + jg6 0H^%. 0. 2 

is?%^ j ^4 0M^%-cfe&. sc. fram2K3fiia 

P tqMmoo-q-oLj 

fit. UJ. Pd. I r. Rh. Ru. OsC0^*><0^ 

^<fctia^«2aw±<07»-cfto. «j£it£iH 

tq, j«U 4 8M^%^q + j^5 8S^%. 0. 2 

j ^4 oaFFXT**. 
[0 0 19]#fc. IBlR3SillttSi:SB2R3SlKttflt 

a>w*>. mim®mmm2%sm&mzmftL?& 

XaM moo-i 

fit. X»i. Pt. Pd. I r. Rh. Ru. Os<0d 
ti. 5 2S r r%^mg58M : F%-e*>&. ±£<D 

$ i Kmmmmm2mmmffmmti^tm 

5 2K?%£m£56. 5Ig?%T*>£C:i:#J:9 
mt<. 5 3- 8JS^%gmg5 5. 2|g^%T&S 

[0 0 2 0] mK3&&ttl&tf!&2£^Itt 

P tqMniOO-q-nZn 

fit. Zli. Au. Ag. Cr. Ni. Ne. Ar. X 
e. K r(T)o%<?>&%<ti>im£Mi2mj±<7>7m 
Tt>*). «jactt£5?tq. n,i. 5 2If%^q+ng 
58M?%. 0. 2K?%gnglOJBH 1 %T'*>S. * 

±s.ff)miRm.mRx/m2^mmm<mmt 

£5jrTq. n#. 5 21?%gq + n^56. 5®? 
%. 0. 21I?%gnglOK?%T'*6«ri:Ay:9# 
£L<. 53. 8If%^q + n^55. 2JS^%. 
0. 21S?%gngl01g?%T*££tMai#*L 
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[0021] otti. m^mmRx/m2%m& 

P tq Mnioo-q-j Lj 

(St. Lli. Pd. I r. Rh. Ru. Os(r>o%(T& 
&< t i 1 a*5t{i2SW±<07C3g-C*) 0 . fij£it£^ 
-Tq. j«. 5 2fiFf%gq + j ±=5 8IS?%. 0. 2 
JSTF%g j g4 0H?%r&&. JiEomiR^ 

io mmwm2mmm<7msjt*iF&<i. ja*. 5 

2M^%gq + j^5 6. 5S^%. 0. 2®^%gj 
^4 01|C?%T'&££fc#iJ£L<. 5 3. 8K?%^ 
q + j^5 5. 2W.=f-%. 0. 2JK?%£j£4 0It? 

[00 22] ^lR^«tt»fcm2R3S«ttS$- 

®flp*>. msaiattH**. ajfe«x.Mnioo-.T^ 

it. X#. Pt. Pd. Ir. Rh. Ru. OsCD?*> 
20 C0^^r< b i> 1 atlliCOT^'C* 0 . fflj£Jt£Srrm 
5 2M?%gmS6 0M?%<Oi^T'&&!:£fc:. 
S^fiMttS**. fflfi&X.Mnioo-.T'flSft. X 
Pt. Pd. I r. Rh. Ru. Os0)o ^oWifti; 

<ti> lmitmrnTh 0 . mmti^-t m*<. 4 8 

JE^r%g m s: 5 811? * £ t £ L V \ 

ttz, m2^mmmmmtim-mi}K 52m?% 

gmS5 5. 2Jg^%*^i5 6. 5If%SmS6 0 

[0023] ©it. miRSSaKttl^. aifcSPt, 
30 Mnioo-q-nZ n T*2iX. Z*i. Au. Ag. Cr. N 
i. Ne. Ar. Xe. K rffio h<7yj?%:< 1 1 lSi 
^{i2«m±<07»-CJ>0. fflBUt^^q. n*«. 5 
2S^%^q + n^6 0JS ; r%. 0. 2S^%^nSl 

o®^F%<o^-c*si:ft(c. m2&mm&mtf. ms. 

^PtqMniOO-q-nZnT^Stl. Z>6<. Au. Ag. 
Cr. Ni. Ne. Ar. Xe. K r<03^<D4«5r< t 
i>imtt:lt2WltcOjm?t>*). fflj£Jt£^-q. 
n*»*. 4 8JS : ?%Sq + nS5 8M^%. 0. 2M^% 
gnS10M7%<0£irC&6£fc##2U\ 
40 ^2R^ffitt^fiOfflj£lt5:^q . n#. 5 2M^%g 
q + n^55. 211^%. 0. 2S?%=£ns£ 1 OJBFr 
%*^<i5 6. SJS^^q + ngeO®^. 0. 2 
WFt%^ n g 1 01S^%-Cftl.£ ttf£ l\\ 
[0024]®*^:. ^lSSSHSttS* 4 . fflfi^Pt, 
Mnioo-q-jLj TmZtl. L*«. Pd. I r. Rh. 
Ru. Os<7)o1iffyJ?%<ti>intti\i2mjLk<r)jt 
STJ>0. ffl^Jt^-Tq. 5 2®^%gq + j 

S6 0ET%. 0. 2M^%^j ^4 0m^%<D^T 

50 100-q-oLd f^Sfl. L*i. Pd. Ir. Rh. R 
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u . O s co o *><0'J?%< 1 1 1 S£ fcli 2SJ3LJ:C07C^ 
TfcO. fflj£Jt£*rfq, 48K7%=£q + j^ 

5 8IS?%. 0 . 2Wt%< j ^4 OJg^%^>^-CJ> 

-fq. j# s 5 2IFf%gq + jS5 5. 2K^F%, 
0. 2JS^%gjS4 0M^%*^i5 6. 5H?%S 
q+jg60K7%. 0. 2M^%Sj ^AOm^A-Q 

[0025] ^mmmm^ y hi*, x^-r rtc* 

[ 0 0 2 6 J ^HHOXewU^SIglK^^fOSa 

3fi*8Hi. 7y-«ttJlfc. 1?fE7i;-«fiStf)J¥3:fr 

fc. m2H««ttltcKSfUT. Pt. P 

d, I Rh x Ru. Os> Au, Ag, Cr, N 
i x Ne< Ar s Xe, K rOd^fO^SK i: *> lg^ 
fcli 2 SliLiiCOTCSi: M n t &$tt&kfrt>%hm 1 . 
SB2R%attfflt$-»SLhfc)ii5^«tT«Sfr?:»)S 20 

u fj£«i{*^m i ffMRtmnLiim 1 oawiui 
surea&wiLT* mem. 2£3aatttflfc£8*#i:tf 
&m%tmi2itzms&i . m2Wgmm<mft£ 

2£&&ttl03ScmfrfflI#£. ffiESKfr&Jtlifc 
luteal 1 ^Sattt«co^P*ffiK*i 0 L . 15 

hub i «aai^LRTfiT**ii2oawtfflaaL-3 
oiuibii i cvsmmm.** <o i>m^m2commmx' 
mmtx. wtSM i wsm&m<mfafifa$:m£m 2 
m^mmitmtnLKnTijfoizffi&tzzt 30 

[oo27] mmm 1 ajftwiauEa 2 2 0 x:~2 5 0 

'CCOKHT'J. IZktflSiK. 2 2 0-2 4 Or (0® 
■WttOffiU*. fr^2<^pia ; g<i2 5 
0*C~2 7 OrcOKHTftS i U\ 

[0028] 08 tii. ^jatt^^^iasffi t ?m 
bbs) zttfz&mmm mm <r>?mmm.m$.. 

20 0TrflKfcJBSU 2 4 0X:ftiS-C6 0 0 OeSr 

ttlco±^tES) 3*ifcK9flM!Ui (♦Ep) <0£&H 
^tt«#li. 2 4 0T?ffi£TfSJKU #26 0X:#iStC 
*JVYtJ:3*<6p0 OeZMtXUh. Z<?)£? 

mm&mm^izxm^immmiRimiix so 
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[0029] *HBJcOXtf >^7fflMRBttam=*$ 

^Tti. miHsatttia^miRSSiattti^u-ja 

tt«*<7'J-®tt«C0T*tCEa$<XTV^. 7 

iraiBttJiOTHfciSBSfi. . 7'J-JKttacOT* 
fcSBM§itT^I»m2@S»ttffl«^2^jafMcO± 

jnLoomic^iaias (22o~2 5or) x-im 
^amt^^its t . 8 i . m2mmmizm. 
mi;mRtf±tx&i.&2®immn®iLmz 
m-m izffiztz, t mz, y y -mmcoru ( as 

KttacOT*) fcffiMSft*IS2Safem^o£^:fr 

imtimm*2oo oefiiTt^o. m2mm& 
m<vimmiimi##7<z<%&. mz. mi^msm 
iajss:2 2o~24ot:i:-mtf, miBmmsoit. 
sm^ttiawioo oemTt^o. mi. m2R 

h. mi<mftt&fa%<7>&2<rmR*maL'} 
^2<n^samm. ( 2 5 o~2 7 or) •ctusosw 

600 oejjLhfc^o. t^mm^wmm.^ 

zcotz. m2<7M%*. fo?mmizxm.Lt:mi 
mw.&m<?)imm-ti&m%± *)±z<Lxt$mi. m 
1 ®mm<m<ttjmm2®%®.mizttLxK : ¥ 
fit-?hzkmmiz%z. tti. m2<m^9t<m 
W£izxmiLti&2Kmmm<Diiim&iffli#x 0 
/KKLTisw*, ®2mBmmizm2<om%#msa 
ztixi>. &2mm^n^mii&wftmteth 

fcLT. an. m2®^m<rm.mm-E\vz$& 
ftk?&zkmmt%&. 

[0030] 

imxommcmmi xmomimmmimmi 
mkvxwmth. aiava2t. *$m<?>mcrm 
nmmx-ht^y^vymmmm^^t. m4W 
05 ^wmxvy'Wzmmmmmttffix-ti 

vmx. H4ffl<oGMR^-y Kh lwm&atix^z. 

5:t5l?IBS4ffl<OGMRA.-, Kh 1 fc, S^ffl<0>f 
^T^7*^ y Kh2^S[flLTtJ:V\ 

04 iZtft i ? iz. A yyi'fi y^ y Kh 2 fcftlcx 
f 1 5 1 <0 K \s- 'J y^aUgS 1 5 1 d l>tl 



(7) 

1 1 

[ 0 0 3 1] 04 iZTKtmmS^y H 1 5 Ott. 
A7\ 51k. X^^l 5 lOffiffil 5 1 dfcfi§*£> 
iXfzGMR^y H h 1 X^T-f 7*^>y Fh 2£ 

5 1OS8^S«ftc0»i!j*|fiIO±iiSffl!lTj)l.'J-T'f 10 

CKOX^-f ?1 5 ICOmmtfilWl 5 2£li. P-;H 
51a, 151a. 151 btmUlZtl. #W-;H^± 
mt. X.T-?)V-?\ 5 1c. 1 5 1 c k StlT^ 

[00 32] 05fcjjr?\J:3fc. GMR^Fhlll 
X5>f ^1 5 lcofflffil 5 1 d±tcm$^®tt^ 
frt&h-mi'-Wm 16 3k. TSS^-zWHS 1 6 
3 fcfltJlSiufcTaS^ >y TJl 1 6 4 fc . «^|6liS 1 

5 2 ^sart * * e yrtfUTmmwmfm? 1 1 . x 20 

t yy^^SSflgffimig^ 1 v TM 1 6 4 

£8') ±35** -yrB 1 6 6 k . ±35^^ 77S 1 6 6 
£«0-tS5'->H i Bl 6 7k*»£>1Sj£Sfva^. ± 
gBv-^FJgl 6 7te. ^f^M Hh2<0T 
85n7JIkJIUHkS*vOv&. 
[00 33] -fy^x^^yHh2tt. TS&riTJl 
(±S^-^H«) 167k. Ta53T«16 7fc«« 
£*Ut^yTJil74k. 3^H7 6t a 4*1 
7 6£8d±SIS«itilil7 7k. ^-yTJil74fc:« 

36*03>f;H7 6IBfCTai3T«16 7fc« 30 
^$m»±a53TJ1178k*^«jK3nTV^. 34 
)Vl 7 6»i. ¥fflttt;J8(ig#k$:£ J: o iW-yfc* 
tlX^h. ttz. =U/l>17 6<7)im*#MftlZX±& 

n r« 1 7 8o»aga5 1 7 8 b jrrasn r« 1 6 7 tea 

mtmZtlX^Z. ±g?3TJfl7 8fcli. 
T^5^k**^^rl»»aS 1 7 9#««£*rO*S. 

[0034] *&Brai>x vy^iu-rmmmsm? 

1 li. 7 'J HKtt«£f"l>k LT-e^ff 3*[6l^fflfc^ 

mt^m. s^atiiii&vs^iKtts^i^osa 

7 u-»tti/#«fi#«a/H^«tt^3S^a^ 
/@S»ttfl<o3Ji<offlMJ:*«ia-c*i.>'y^xe 

88#-C£. ^£l2lifc#J£T'£&kOk3roT^&„ 

[0035] mimm2\z5tttw%<r>x\:>rt)V7 
mmmmm,? ui. 0+T*^a«3 0. t«i«4 

0. ®2R3SS;ttS4 1 . H2@5aKttJf 4 2. 
#mS43. 7U-©ttfl44 (flff-45. 47&Co 50 
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IS. fir?4 6&N i F e£&m =JHifi3£SS4 8. US 

ia^iitt«4 9. mimm&m5 0RV&m®5 1 
tfmmmziix%&i>?>x'$>&. mimm&mso 
mm i ®m.m 4 9 3 0 fr^mtitimiztiim. 
u m2sauatta4 i&^2a^anti4 2<is« 

3 0{CjS^IMfc<aSLTv^„ ft, 02{c^i-«k9tc. 

rtfes 4oa^«g«5 iia-c<oas#c<o^ffli{cfi. a 

4 TxM 1 3 0 k^mil 3 1 #©j££*Vt „ 
[00 36] mi. 2@5aattS4 9. 4 2«. fi^tf 
CoE NiFe^ CoNiFe^ CoFe^ 
&&k*-C»j£$;fvO>6. Ttfil4 OtiTa^rk' 
^Nltt**^5r0. #SKtt^®!4 3. 4 8ttCu=5: 
k'^KRtt#«IS*^=S: 0 . 5 1 »JT a=5rk*<0# 
S&ttfo&^&S. fflS3 0li. 05^-r.tdfc:. Al 
203-Ti CSMr^S vtxm^tchxvJ y\ 5 1 
^fflfc#fi&tt*e»]g!<OA 1 *03 (TfrSi-) frb%h 
TJP2 0 0a9Bj£§*l. TJSJ12 0 0<7)±tT^- 
*K*1 6 3kTSMf^y7Wl 6 AWmtmtfLZtlX 

[0037] muz*-mm%.w&m4 9xx/m2® 

&mM42\^ SBl. ^2raUStt«5 0. 41WJ 

lt^j£5 tt. w§>*m!mm?z 1 1 i •? . s 1 a 

SfiBttt«4 92i^2liI«fi8tt«4 2kmi. SfS2R§& 
5 0.41k <0*BiitTI6*-r S^lfr&fc.J: S 

$mijm.mz£t)mftztix^h. &i®m.m 

ii«ftfci£^<:friartcBS6$*u ^2@^Ktt«4 2<0 

*|6l (/W h^rrfil) CHSESfiTV^*. {tot, mi. 
SIS2ilsajattJg4 9. 4 2<0jaMt*|6]«. TEV^PFff 
k$tLT>.^. 

[0 0 38] Sfcfc. 7U-S8ttl4 4«. /NMTXjfl 
3 0OfiB^K«toTa^§nTmiKK^$*l.. *<vmt 

■fitomfcx-Kfo. ~t%b*>mi . m2@s«tta4 

9. 4 2<nMittfot^-th-}i\Pi\zfaz_hixX^h. 

7 'J -fflHt«4 4 #A>f TX® 1 3 0 C i 0 

[0039]^1. ^2R3SiSBitt«5 0. 4 Hi. P 
t. Pd, I r. Rh. Ru. Os. Au. Ag. C 
r, Ni. Ne. Ar. Xe, K r<7)o *><0'J?%< k t> 

imtt:it2mj±<7)7tmt. Mntz-kts&&frt>% 

I i><r)Tt> 0 . «t 1 . m 2H^lKtt 

S4 9 . 4 2 k^Htcc^m^ttai** s ies$n 

•C. »1, m2H^atta4 9. 4 2Sr-enm-^o 

*m 1 . m 2R^a[tta 5 0 . 4 ui. mamzwhx 
miz> k v ^ m& * lt v ^ . 

[0040] Efclg 1 TE<OfflJfc<!W>^ 



1 3 

XaMmoo-i 

fit, XJi. Pt. Pd. I r. Rh. R U> OsOd 

it. 5 2M-?%^m^6 0S^%-C*>&. 82R 
SSfiBttJlti. T£<D8fi!^*^$r&£&T*>£ i t 

XiMnioo-n 

{SU X(i. Pt. Pd. I r. Rh. Ru, Os4)3 

%<ryy% <ti>i mikojmx'b <o . mssatz^m 

fcL 4 8K^%Smg5 8Ki t %T'S)&. 

[ o o 4 1 j a*, m i R&att»i. t£<7>*bj£5&&> 

PtqMniOO-q-nZn 

fflU Zti. Au, Ag, Cr, Ni, Ne, Ar, X 
e. Kr0)o*><7)'J?%<ti>im£t:te2Wy±0>7im 

6 01E7%. 0 . 2JS^%g n g 1 0aFF9fC*4 . 5 
fc. SS2&5liattJUi. TiB«OffllS^*^^S^-CS) 

P tgMniOD-t-nZn 

fit. Zti. Au, Ag. Cr, Ni. Ne. Ar. X 
e. Kr(Qo*>(D'J?%<bi>lU*Mt2m±k<7)7m 
fflJ$Jt£*rfq. ntt. 48K^-%gq+ng 
5 8K?%. 0. 2M?%^nglOK?%-C&S. 

[0042] ssi Rsatttiia. -mmm^ 

P tqMnioo-q-j Lj 

{IU Ui. Pd. I r. Rh. Ru. OsC0d*><0^ 
1-q. jli. 5 2M^%Sq + j;S6 0IS7%. 0. 2 

m^%gj^4ois^%-c*>i. jic m2&3m&m 

\t. TE<0ffljS^*^^4^T*oTtm\ 
PtqMnioo-q-jLj 

(EL. Ui. Pd. Ir. Rh. Ru. OsV>o*><7yJ? 

%<bi>imtt:i±2mj±e>7m?t> t ). mutt* 

tq, 4 8H7%gq + j=£58SH 1 %. 0. 2 

j g4 OJg^%TJ>S. 
[0043]#fc. ^lR3S»tt«t^2R3iilKtt«i& 

XaMniOO-a 

{!U Xli. Pt. Pd. I r. Rh. Ru. Os<7)o 

h<ryy%< b i l WXtVKMX'h 0 . ffljSttfcjjcfm 

t±. 5 2IS^%Smg5 8l5^%-Ci>&. ±EO 

$ i £&&tttJi&tf $ 2 mm!m<7Mm.**tm 

5 2K^%^m^56. SISH^T&SClttfJ: 9 
$FtL<. 5 3. 81S^%gmS5 5. 2H J r%T'fci. 
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[0044] ©a*. m%ammwm25ism& 
mmm-&i&<mimff&LT<7>m£X'h&zbw# 

PtqMniOO-q-nZn 

fflU. Z(i. Au. Ag. Cr. Ni. Ne. Ar. X 
e. Kr^)dt><^^<fctiai^i2aULh^7C^ 
•C*>9. fij£Jt£5rfq. n«. 5 2If%gq + ng 
58JS^%. 0. 2!£^%gnS10H^%T'&.&„ £ 

jjs*>m i miQmmmm 2 z&nm&mcnmmt 

10 Sr^-fq. n#. 52Kf%Sq + n^56. 5EHf 
%. 0. 2JH^%SnS10Jg^%TJ>Sii:*UO» 
4L<. 5 3. 8S^%^q + n^55. 2JS^%. 

0. 2ffi^r%Sngl OK^%-C*>Sit^fit>»*t 

[0045] ©a*, m 1 sasatt^atxm 2R3ii8tt 

PtqMnioo-g-jLj 

{SU LIJ. Pd. I r. Rh. Ru. OsC0d*>^- 
20 t> 1 a^tW2aJJLh<07C^T& *) . fflJfcit?:^ 

i-q. jJi. 5 2M?%^q + j g581S^%. 0. 2 
M?%^ j ^4 0IS^%-C&S. UeoSSlRU 

ant«a^2R3$jKttSc^ffl^ikS:^-rq. 5 

2S^f%^q + j^5 6. 5®?%. 0. 2®^%gj 
S4 0M?%-CJ>l>£i:AW*L<. 5 3. 8®^%^ 
q + j^5 5. 2®^%. 0. 2®f%£j ^4 0®? 

[ 0 0 4 6 ] at. S& 1 R3£Htt«fcm2R3£fiaffiI£ 

30 ©^ffl^irWWi 

©fiP*>. miraSatt** 4 . fflj£5«X.Mnioo-.T'^ 
it. X*«. Pt. Pd. I r. Rh. Ru. OsO)ot> 

<7yy%< b i> l mj±^7iMX'h 0 . fflfifeJt^^fm 
*«. 5 2M : F%^mg6 0S^%i^fe-C*5i:«fc. 
m2RaS&ttS#. fflfig5«X.Mnioo-.-Ca$^ X 
36<. Pt. Pd. I r. Rh. Ru. O s tf) 3 *><OiK(r 
< b *> 1 S«J:tf>7cST*> 0 v fiJSJtSr^-T m*«. 4 8 
If%Sm 5 8S^F %<ry&&X-h h £ t £ L u„ 
4fc, IB2R3Sa»1SJi<Offlj£tfci&^-m^. 5 2M7% 
40 gmg55. 21S^%4yt:{i5 6. 5If%gmg6 0 

[0047] ©4^. miR3&&ttJia<. a^pt, 

Mnioo-q- n Zn-C^3tL. Z*«. Au. Ag. Cr. N 

1. Ne. Ar. Xe. K rfto *><7yjr%< b t IS* 
^:,i2StU:O7»TS)0. ffl^£itS:5ttq. n*s. 5 
2®^%gq + ng6 0M^%. 0. 2Jg^%Sn^l 

oji^f%<7)^r&st*t. m25am&mtf. mss. 

^PtqMmoO-q-nZnT'^^il. Z*«. Au. Ag. 

Cr. Ni. Ne. Ar. Xe. YLr<r>0*><ry}?tc<b 
50 tl84^«2aULh<O7^T-J>0. afi^Jt^-Tq. 
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1 5 

4 8S^%^q + ng5 8H^%. 0.'2B?% 
Hn£l 0Et?%<7>&&X't)Z>Zttf&tl\,\ £*:. 

q + nS5 5. 2M^%. 0. 2^%^nglOJg^ 
%£fc«i56. 5M^%Sq + nS601S^%. 0. 2 

[0048] miZMmZMtf. fflMPt, 

Mnioo-,-jLj T3l$fU L#. Pd. I r. Rh, 

mxh*). &mt*ixt<i. jiK 52K^-%gq+j io 

< 6 Om^X. 0 . 2S^%S j o^%^^-c 
*i>fc«fc:. m2R«i«ttB^ «jS5SPt q Mn 
ioo- 9 -oLj ?mZtl. L# s Pd. I r x Rh, R 
u. Os<Do*>?>>J?%<bl>im£t:te2WM±(r)7im 
•C*0. fflJ&JtiSr^q. 48H?%gq+jg 
5 8Jg^%. 0. 2JS^%SjS4 0JI^%<0^-CA 
£<Ifc##ifcU^ SB2^BM£f<0«j£H:£^ 
^-q. j* 5 . 52H^%^q + jg5 5. 2K^%. 
0. 2^%^j^4 0S^%^^tt5 6. 5EFf%g 
q + j =£6 0S^%. 0. 2K7%gj £4 0117%? 20 

[0049] znxvy^vTwmwmsm? 1 usu 

Xii. H3^-TJ:ofc. SBlHSJKtt«4 90«^ 
fa (Hpi ) #0^Y:W*oKtt#[p|fc@£;s*u SB2ia 

^aittfl4 2<oatfl^ri6] ( H P2 ) ffm^YUfoimfcz 

M?>m%iz£vm*xijfoizmit>tix^&. m3tz 
^rioiz. mi. m2m^mtm4 9. 42&t>mti 
Kim?m.# ( Hdi. Hd 2 > <ntim$. 7 u -mm 4 30 

4izts^XKmz&mk%*). ^ix^^S^FfiK* (H 
di . Hd 2 ) #7 y -ttttS4 4fcfcvvC£HfcR»l/r 

ttl4 4coafl^ri6l(Hf)«. »l, SB2@sa8ttl 
4 9,4 2«BWfeW(lWI«PS*lT*< . 7 

y-ae®4 4co^'>fTx^iiS)&{^fc:^s. ^ 
i @^attt«4 9 frt>wxfzim?m- (h<i > » 

2ffl50ffltH4 2fc«AU SB2@5g«ttS4 2A»4il 
ftSSWHW ( Hd2 ) Ji. m 1 @£iattS4 9 fc«A 
UT. All. S&2@5£8ttJf4 9. 4 2«fSV^a«n 40 

t,z^^tixmt\zm^h<r>x\ nmrnrnziim 

*HfcX,M»t&£fc*«&<* *1x?1xt7)mttiftim 

[0050] zcozvywrsmmsm? 1 win 
rot. mmmi 3 i*^7y-«ei4 4. 

148. 4 3ftltfBK ^2®^attfl49. 42fc£ 

nmtim%im*Yij\>niz*§-i htih fc . 7 y -aei 

■I<07 UHMS14 4mw«fld5n6l<«»i:*l „ 2 50 
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ii£«ttjf 49,42 oBtttnfti fc m^kxmmk^ 
jhhu z<om^itizm^<mmmzj: vmsam 

[ o o 5 1 ] <xiz. xmnxvy^-mmmmm 

zmmmmgTiz&vhBsm&mvQs (twm 
imimt%sm&m<om&m.) tzxpx. msamiz 

m-z>ztzmmLx%2titzt><7)X'i)*). l&svm 
nmx-m 2 m%.mm tomam * be u 2msc^ 
mx-m i mm&acmttXfozmaiLX dfc-tst, 
<r>xhh. 

[oo52] ap*>, *m\<r>xvvx>v7§mmsm 
"wsmzmi.. Ttm4 ot^mms 1 tx-t&m 
tmi3o±.izmmmixmmtLt:&. meiz^ 

■ftolZ. B^Y^|6j*^l<7)Ja* (Hai ) SrERftDL 

^micomumm. (t,i) xmmix. mi. 2 
mm&m4 9.42 izmmumift ( H P r , 

Hp 2 ) Sr3&£S-£TJI5 K ^2H^attS4 9. 4 2«^) 
«fl*|6jS:H^Y^|ftjfca^-|,fc«k:. m2R3jiaitt 
Jf 4 2<0^Jft^*ttJK# ( H P 2 ) tm 1 R5SmttS4 9 

o^mP^rtt®* (H P r ) iOfcTcfc-rs. <>:t. @ 

0^Y*|6)cOKittr|SlT**S^2^lK 
^(H a2 ) S-EpjnLo^lc^Siag (Tal) 

i>m^m2ffmm&& (T a2 ) 

1 mmm4 9ffymmnm^- ( h p i • ) 
*Hpifcu mzmiw^m4 9<rmvifo*wfc 

[0053] zzx\ m8iz53&mm<?mm&&k 

mttimmcmizKmmmzmw (tr^m^m 
moixizfrmmmmm Lt^»^x^yj^ 
•mmmm^i^L. mmmt. ms.t7V-w& 
«<oisitc£Bifi&tt»*EH (twiffim&moTmz 

£¥Lttt>h.X^&Zbtz%&. Mtmizli. ♦BiT^U 

zxvyrtti'TmmwmTii. s i »r/a 1 2 o 3 

(10 0 0) /Ttm (Ta(50))/7 'J-ffittfl 
(NiFe^(70)/Co (10) > /immM 
l(Cu(30) ) /WxLW&m (Co (2 5) )/R 
SUKttl (PtsuMmu (300) ) /fi^B (T 
a (50) ) %m&C0i>C0Tf>Z,. £tZ. ■WC*L 
ytxeyn'^Ta^lsamS^i. S i «g/A 1 2 0 3 
(1000)/T«!!S (Ta (30) ) /KSBJttJf 
(Pt 5 4.4Mn45.6 ( 30 0) ) /SSatttl (Co 

(25) ) /im&mmm (c u (26) ) /yv-m 

ttJKCo (10)/NiFe^(70) > /mM 
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(Ta (50) ) %&®f8.<?>i><?>?t>l. * 

[0054] as az^f i o mmtm-tmrnm 

(Ptss.4Mn44.B) <0^^ttlK^{±. 220-C5: 

aa?r±#LBtx>. 24o*c^s^.i.fc7oo o e 

(Pt 5 4.4Mn45. 6 ) <7)3^S^rttatlfi±. 2 4 0X^5: 
SgT±#U 2 6 0*0^)8 1 ht 60 0 OeSrSi. 

EP) fflJU Offififc&atiia <£fc»i@S0ati« 
<D±2rfcEB> 3*ifcR5IBtt« (♦(?) fcibKLT. 

[0055] *mnxv>'<>u7mmm5m=?<m 

fcv «-c»i. us i m%M&M4 9&vm i B&m&m 5 o 
a««3oa>£HftttatEgs*u . sg2@jaaiiJi 

4 2&tflB2R3£fiBfiJi4 1 KWsL3 0 (3£tMBfcES 

Sit. MC3 0(z£v>HlcSS$ti^ff2liBgattfl2 
iiff2£cSMHMI4 10JJ5rfcES3*vO*S. tfjx 

jams (2 20-2 5 0*0 -ef&im-tht. mi. 
m2R^mm 5 o . 4 1 ^3c«iM*tta*ti 
i . m 2@s«tt«4 9.42 coBflrfriwig i 

<r>m-Utolzffl%2tihtmz, H8*c*rtJ:dfc:» £ 
«3 0 fci£v^2£3tettJl4 1 ^3cSiS*ttJKW6 
00 OeOhfc^O. S«3 0*^f8Ul^l^S« 
ttfl<a£&lt#tt«im2 0 0 Oe&TOjfctk* 

0 . $ lR^attts 5 o i *) i>&2%s&m&m4 1 <-o£ 
*i6jcom 2 <oe# £ qjju L->om 2 coa^ms < 2 5 

0-2 7 0-C) fc . H8 J: 3 fc. SB 

l^Httl5 0<03cSiS*ttiaW6 0 0 OeJH± 
k»0. **o»lBBI«ttl4 9*^^*^2llJg 

[00 56] dcofc^. 3S2<7)fiK#£. 5fe?«ft«Blfe:T 
«4 1 K5&fiBtt« 5 0 ^^^^TttJK^J: 0 *S 

< ^i@^att«4 9co«K^iini&s ! ?2!a 

ttJ!4 1^3W*fflWfJ:0^S<LT*J»ttf. 82 
K«tMi41K»2oa»i«ltoSjflT-i», 82R3$ 

attffl 4 1 <n^mm&tf£tetz> ztifi&K.m 
2®femsM4 2mte)jftZffiz.uz£iizLx. m 

1, SS2H5£Httt)14 9. 4 2««<BEriS|t5V-»fcRT. 
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[005 7]moffiJSia&l2. 2 2 0-0-2 5 Ot: 
O&Bfc-t&ClfctfifaiX. 2 2 0-2 4 0XW&B 

ti-hztwx*)mL\.\ mi^mm^m.^220 
ximrb&t. m2^mmnmm%&m#i)<2 

00 oeaTt%^xm2®^\mcm{W i K<% 

wsmamiam t n-jmema&tiz l * d <dtisf 

4 L < * < . m 1 <^!iaiBS** 2 5 0 X:£ tf*. b k . 

io 8i^sattJio3aft^*tt8if* t ^<*oTmiH 
att^coa^rfi] £gs 2 H^sBitacoa^isiCT lt 

1 ^fe®SfflS5r 2 3 0^-2 5 OroKBfc-fttff . 
lg2R3ll8ttfl^3ia^*ttSBi#Sr4 0 0 OeELtfc 
* & C k . 8 2 ^BttJf O®iTO]<-03c5£ttS: 

< -TS £ i:*t"C^ S<0T J: Off* U>. 
[00 58 3 SI2(0|?(*J8iaiaS«, 2 5 0t:~2 7 0X: 

20 ox:5fest-c*5k. mi%Mm&m<wmgi}&m%z 

400 Oeja±t^ik^-C^^:<^oT. miH 
jaWMOOfti^S < f & C t =5r< ^SWff 
4L<^rV%. 4^. 8l^«l^Ta«L7t8l@^ 

«tti«o®fl^r[6is:8 2®szmmm.it%\*nzitix 

SWtSS-C#^r<^l»<0'Cff4t<^v\ 4:t. 8 
2^t)9HjaS* J 2 7 0X;5:ai.Tt>. kii^lRSa 

x\ mm^^&izXi&ymw^tv&Mxi&t 
30 &«(nimiztim>ttmitmzmmc\L. wmtm 

[00 59] 4^. 09 fcli. ^aia^kR^«ttl 
attl^Ua (4fc.iill^«tt«0±S-tR5!SKtt«Sr 

iia) L^yv^xt>v^y^iga^^^^-rt 

(TiXb-iX. AWii2 7 0 , C. A9tt24 5"C-Cia$!Ui 

tR^KttiSrsa (tfdmzmmcoTijizmm 
40 ttJi5:i;a) L^^y^xeyy^^isiim^^ 

*-rt<0T'*)-3T. •EPIi24 5X:X-mmLt:l><r)X- 

ss»*35m±. s i mL/A i *o 3 ( i o o o ) / 

T«i(Ta (50) )/7'J-ati(NiFe^ 
(70) /Co (10) )/^Natt^«S (Cu (3 

o) )/®imm (Co (25) )/%smm (p 

t.Mnt (300) ) /mm (Ta (50) ) =SrS« 

*=H4, S imSL/A IzOs ( 1 0 00) /TVm (T 
50 a (30) ) /RSSffittS (Pt.Mnt (300) ) / 
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mm&® (Co (25) > /im&mwa (c u (2 

6) )/7U-IffiHCo (10)/NiFe£& 
( 7 0 ) ) /mm (Ta ( 5 0 ) ) £StitJ&0iOT 
ft. () rtli&»<0J?3Sr*U 

[0 0 6 0]@9*^BH£*>frJ:dfc. SfSlRSfi&tt® 
£X«Mnioo-. (fflU X<i. Pt, Pd. I r. R 
h. Ru. Os^)d^^^<tt,iaiiLh07C^) A> 
£>&&^&fc L?t t £«. ft^Jt^-Tm^ 5 2fi^ 
%gmS6 0K^%T&I.J:i:* s #^L^„ m*<5 2S 

2 7 0X:<0^2<?)|*S!VaSrffo-Ct>. X.Mmoo-.OJS 
■S^tfL lol!OMIO}&^fc«MtU::< <£9. 

(£&ft;trtta#) imZ%<%&e>T&tL<% 

[0 061] H9*»6»H6a»8rJ:3fc, SB2Ra& 
attt»^X.Mmoo (fit. X{±. Pt.Pd. I 
r. Rh, Ru. Os«0a*>^ : 0:<tt>iaJJLhO7C 

4 8S7%5^£fcte5 8K^%Ja±£|g;i& . fm 
aiaS24 5r<0^2<^«ia5:fi : ^Tt. X.Mn 

^ms^mm^^K %h oris 1 1 < &v >. 

[0062] tfc. m^featttfl£Pt q Mnioo-«.-n 
Z n (fiL. Ztt. Au. Ag. Cr. Ni, Ne. A 
r. Xe. KrC03*>^^T<tt,ia^^«2aJaJi 

%gq + n^6 0J5^%. 0. 2jg^%gnglOISt? 

i##4L^. q + n#5 2ffi(?%*mfc 
li6 0H7%£i8;i*>i:. mm&&2 7 0t:om2<7> 
&«Ui*fTVti. Pt,Mnioo-,-nZn<0*SIM&W 

l i os^ma^t mtu: < < * o . mmt 

1 OM^%Sra^.St. -*(6l1Bc^^aW(STL 

[0063] gi2K3&50ttt«£Pt,Mnioo-,-n 
Zn ((ML. Zfct. Au. Ag. Cr, Ni. Ne. A 
r. Xe. Kr<r>oh<?&ti:<ti>in*tz\i.2nW± 
cOkM) tUzt*. «fi)0t5r^q. n*«. ASM* 
%gq + ng5 8K^%. 0. 21S^%gnglO^ 
X-CbhZbtftttLW q + n^SE^^St^Jt 
«5 8IH 1 %£j8i.6fc. »*!UIjajg2 4 5'C?>SS2?) 
&S!Ul£fToTk. Pt,Mnioo-,-nZ»<9JS l fU&W 
LloS«0«IiJ18^i:aaijbLt<<^0. 
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*#tt£iK3*<&£. BP*,. -#ffltt£^£«t#£* 
$5r<=5rS«T-»^K^v^ tie. n*»'0. 2K7% 
i: . Ttmz coWMizX h-Jifa&Smt&M 

[0 0 64] Hfc. miRSSlSttlSrPt^nioo-^-j 
U ({SU Ui. Pd. I r. Rh. Ru. Os<7)d 
b i> ia*fcli2SJa±?>7cS) fc Lfcfc 

10 *fij£Jt£^q. j*\ 5 2If%gq + j ^60 

£FP%. 0 . 2M?% S^%T'J> h Z t 
4U>. q + j#5 2II^%5l^£;tt±6 0IK?%£|8 

Sfe«siaS2 7 0ic^2<«ia^ffoT 

t>. PtqMnioo-g-jLjCOfeftt&^^LloSiOailJtS 

tK&K 4fc. j#0. 2jg^%*jPST*>Sfc. tc 
tt£ffli%we&£ K =3:< . j * J 4 0M^%^Si. 

[006 5] Ht. IS2S:^JtBitt«^Pt,Mn 1 oo-,-j 
Lj (fit. L(i. Pd. I r. Rh. Ru. Os<05 
*><0^^<tt,iai7t<i2aULhc07C*) tltit 

ffl^^-fq. j* 1 . 48® : F%gq + j^58 

o. 2E?%gj^4 0Ji : f%-e*>s.rfc## 

^L^. q + j^4 8JS^%5fe^^!ttt5 8J5^%Srja 

t,. PtqMnioo-q-jLjCOtgfHt&^^'LloScOSHiJIS 
30 ^p\fcffl|iJfl:Lt<<=5: l 9. R3!aatt«tt^S^<=5r 

*u<*^. j#o. 2m : ?-%3mvhht.jt 

4Hzmtl%WT&± L< ^r< . j ¥4 OK? 

[0066] 4fc. 09*^Hj^*^j:3t^ miS3S 
lStt«a^2^JStt)i*«X 0 Mnioo-. (fflL. X 
Ji. Pt. Pd. I r. Rh, Ru. O s CO o %ay)?*c 

40 < t i> i ajyjiOTc* ) frt>tch&&t uz t $ . m i 

R5iattS2ilt/m2RSiJKtt)iOfflj£itiSr^-rm*i. 5 
2Jg^%£mS5 8M^%T'*>6::fcA<#£U*. m*< 
5 2E^%*8rC*Sfc. mW®&8.2 7 0X:com2co 

m*J5 8Jg^%5riSx-5t. 1^9^24 5-COSl 

<rmmtff ->x i>& 2mm&mmm s x«m n 

50 ioo-.O^mf* { LloSc7)mBiJ|&i^\tfflfliJfl:Lt< 
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[0067] i*. mi&am&mAvm2m&&m %.o. 2m z ?%£n£iomi-%?t>&zbiJ ! mL 

ffX.Mmoo-.frt>%&&&bLteb* . 8l£9lflH£ \,\ q + n**5 2JI^%*#fCi>Sfc, &S8yii»g27 

iatX^2R3S®ttScO«^Jt$:^-tmj!)*. 5 2m=f-% 0r<O82<0&j8J3£fT->Tk. Pt,Mnioo-,-nZn 

5 2H7%*8t-C&!» fc . St«®iaS2 7 0XW3I2W ^ffitt*ai£*$£<*.&. HP*. -#l6H££lft 

^SlSrffoTt. ^lR5S!Kttl^18Bg-rSX.Mn »^«»**S=Sr<=Sr40TW4 L<^. q + 

ioo-.oj&p h i&wl i Mff)mm^tm\^.uz< n#5 8M?%zmi&t. ?mmi&g.2 a 5\*a»i 

m#56. 5W?%*Mtht. mm : &$L2 45'C(r> mUc<<&9, R&«tt*#tt£^$&<£6. IP 
i^frtt«WS5 1 J: 63amfrttSB#± . n#0 . 2ffi?%*Src&£ b . tc^ZO 

£ < &a#-eosni/j>3 < . ^saaias 2 7 otwj&2 aarati s-*i^i3K^j£^a*<7)iS#^m^-h»{c« 

(o»«ia<oigfc:. &2ffim&m&mim%smm<m tvzwm&L<%:<. n#i obtjk&m*.*^ 

R J Ftf*|4fHc@«-?^li<^SO'Ci?* L<=flrv*. [0070] 8 lR&Kttfl&t^R&iattJI 

[0068] a*:. mi^m i mm/^2Kmmm 20 #pt,Mnioo-<-»Zn*^&s^fcU:fc£. 

#X.Mmoo-.a>£>£££&iU:fc#. IglRaiiaitt itSr^Tq. 5 2M : f%£ q + n*: 5 6 . 51(7 

sat^m2s^att*£offl^jt^^-m^ 53. sm %. 0. 2s^%s n giojs : F%T$.i.c:fc*<j:0iif 

f%SmS5 5. 2m^%TA6.r LV\. £U*. q + n**5 2igl7%*i?tT*S>&fc. J&KUli&g 

m*t53. 8M.?%5mT'bht.mXmS&24 5X; 2 7 0 < CcO®2<0»J?ia5rfi : oTt>. Pt q Mnioo-,-n 

1 commtff ofci^fc. JjS2K3$«t1£l<9£8i Z„*>|&&»WL l oStf>^iJte^fc«HiMI:Lfc< < 

M*ea**^iR3Sjaea<o^«^^tt«#j: 9 1>* #9. m^msma^^K^h. bp*>. -^lec 

#<£S>fc£fc*<0^*#<*9. 270XTCSfS2?> mt&mftm2%<%&<r>T8t L<=Srt*. q 

^WaaSrff^Tt,, mR3$«tt«<03amfrtt8## +n#56. 5/!Ff%£iSi.&i:. &auiiag2 4 5X; 

m2R3iett)io3cSiM^rtta^j:ot>/h$v^^-c. omiemmzftitii&siz, m2mm&mizj:& 
miKmmmtm2Bmmim<r)$mmiifflt'ii-cKk 30 ^M*ttatwmiraiatt«t:J:s^iM*tta* 

#55. 2is^%^i.st. »«^ifflS2 4 5x:^ 2<rmmwz. m2mm&mtfmm'm)m<r> 

tt«wsg i raaattB<o^«m*itat# i 9 < mi H^tts^mfl^ii-ii&ig 2 aseattsoawttrft 

tchtf*mis.>hz< . &«yii&g2 7 o"c^2<^» <0RW*i6itH^c#»i<^i.<7)-c»t l<^^. * 

sas^s^ 82@jgattffl#<g5 1 Hiatal oas-fti ^ s n #o . 2ffiH t %5k8rc&& t . TcstzoaamKJ: 

isi-<o*i6ifc«{k$^ 0 . m2mnm^mzm 1 a s -xfaQ-m^m^ftmimt-wizwifr *n 
imw§<mittmm2m^^<nmfan$\<r)%.y- l< t< . n# 1 os^%$-i6s^i, t . 

S& 1 £3£«ttJl&tflg 2 R&KttBOiiEfflJKJtA 1 5 40 [0071]igfc:.mi S^l8ttffl&lf 2 R§&KttJf 

3. 8JI^%gmg55. 2^%T'*il{f. mi^ J&^P t,Mnioo-,-nZ n *^^:l.-^fc UztZ. ffi^ 

»®«f ^2^8ttS<0^JftP*tta^*^ 1 £3$«t it^^T q » n*^ 5 3. 8Jg^ %^ q + n =S 5 5 . 2 

&m<o3®mxitm.#x<oi> m2<m o. 2E^%gn^iois^%-c*.s^fc*<fi 

m££^xmimmmtm2%Mwm(r)imm i>mu\ q+n**53. 8js?%*sfc*2»t. i» 

nmxm&'i^ < ^rso-c, m 1 , m2mmm miw&2 a srom 1 m>m*fi ->t&&^ %2 

*mL#£'oi>±%<%htmzz<7>m t *.%<%'). 

[oo69] %siKmmmRxsm2jmm&m m^x2 7ox:x^2<Dmm : $:fr'?Ti>. mi%sm 

*5Pt<,Mnioo-,-nZ„ (iRt. Zli. Au. Ag, C tt«W^«IS*ttaiWm2R3!SHae«^«iMJrttJK 
r, Ni, Ne x Ar. Xe. Kr<0d^»^^<fci 50 #i*)W^it, ^lR^©eai:m2S:3£fiBitt 
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mi<%\>\ tK. q+n#55. 2m?%ZMz.& +ja<56. 5m?%zmt& t . mmm.2 a 5-c 

fc. m 2^ett««03c^*ttJSt#^ 1 K3&SitiJi 38*ll;frttfim<3S 1 K&BtttJlfc «fc S£8IJI:trttBi# 

eymmK'QMRS. 0 t>*£ < &S*<*coil{i/h$ < % < &6#*«oi£lJ/jN$ < . £ffiaaK2 7 ox:^ 

wmm.2 7 oxw%2<r>mmrt®iz^ s&2@saa 2<rymm<rmiz. m2®m&mtf i mi®im®m<D 

temtfm i ffl&mmcrmit t m-oumzmftz tvfz mitt &-(>x?mizmikztvtz <?mm<nm t 

^2^ra<oigfc®isisffitt«^tfri6j^^ mna««tt«<owb*ini^m2MH[tt«^©^r6) 

2Wfemm<mtt$fo<r>K^mtoiizmfeX'%m<% nR^mwz®fex*m<%hv>xi&*L<t£\,\ & 

Z<r)T&*l<%\,\ n*<0. 2Jg?%**rcj> 10 j#0. 2WL z ?%*ffiX'i>& b . UMLeoWMizX 

it. Tmznmaizxh-xmjmtt&mffrim &~*ft&m^m^&mhm ( +Mzwi%\ w 

Smtf-bftlzmti%WT&S. L<£< „ nWl OWL? L<&< . j #4 O£FF%£08;t£fc . -*|6]tt 

©•C#*L<$rV\ mKB88ttS2ltfJS2R [0074 ] ^t. SglR&EttJl&tflJJ2EG£Bt1£I 

^ffltttfl^JJaajSJt* 5 5 3 . 8Sf%gq + nS5 ^Pt,Mnioo-,-jLj*^^S-^t LfcfcK fflj£ 

5. 2JS^%Ti>0. 0. 2JS^%^nS10M^%T Jt£^q. j* 4 . 5 3. 8Jl^%^q + j £5 5. 2 

irfuf. mi<rmmmiz&2mm&m<?)idm)}Q. m?%. o. 2E7%gjS4 0fR L %-e&sc:i:a<a 

aw i mmm<w>mtTm.%-£ *)tx>o±^< t>m lw q + j a* 5 3 . 8n^%*gfcj>s t . & 

&2<9»^fcJ:oTm£3£»KttafcS52K& JMKaS2 4 5X:«Slco»d!!Ul^ffofe^fc:. fg2 

®m<wsmmijim#<?)mw>\^ <=5rs<o-c. mi. 20 ^aaa ^aaii;frtt&#a*!jj 1 sa&KttJio^syi 

-C$6fctf>#aU\ «^V^T2 7 0X:Tm2<7)|^Pi=&tf-5Tt,. S&lR3fta 

t o o 7 2 ] t fc. si i Ra5«tt«a^m2R3Siatti . m<oimmjT^m^m2mmm^imij&m 

*«Pt,Mnioo-HLj (fit, Lli. Pd, I R ffj: 0 b*£bV*&T. mS&KttJf fc3S2K3$8Ktt 

h, Ru, OsOdt»<0^^<fctl8*^±2SJiU: B^S^#ffia#O*£$*^L<££*<&S<0T 

*^&&^fcLfcfc£. *flj£Jt£^tq. j ff£L<&u. q + j*>'5 5. 2JK?%£tt£6 

*\ 5 2Jg?%=£q + jS5 8l8C : F%. 0. 2^?%S fc. !&*!UiiSJg24 5r<05gl^ia«Pli&tf-5fc^ 

j S4 0M7%-C&6£ LV>„ q + j ** 5 2JS m2R3SBEttlO^«iS*ttlK** J !gl Sffimm 

?%&mTb& b . ^8iaSS2 7 0X:^2^IPI <D£&H:£rfl«#«J: 0 t>*£ < & 64<*a£tt4v3 < . 
£fr^Ti. Pt,Mnioo-,-jLj<Djg l fy^#LloI! 30 S^^2 7 0r^2<^fe>aS^|8fc % ^2@®a 

hff>T»t L<=5rV\ it*, q + j #5 8jS^%£8;i 2®im&mcomittfaco&¥ft1imz®feX'Zm<% 

&b.mm^2 4 5x;<7)mi<ommt:ft-oxi>. *0?jmll<&». ttz. j#o. 2m.?%imTh 

t&^^LloScofflHiJ*S^tfflBiHtLfc<<^0. R 56**H^tSii=5rV^Tlff^L<^<. j*«401g^ 

#Z7r;z%<%h<7)x?&*i<%i\ tt:. jwo. 2 coxi&*i<%\\ «HT. mmmmw?(i2K 

m^%mxhh b . 7c*L<oaarafc«t s-^ipUKcSi anKttiwiJBffljSit^s 3 . 8jjFP%s q + j ^ 5 

tg^e*^5S«^m*H^'fc:3Sn : 3r^«-Ctf*L<^ 40 5. 2JSi 1 %T'fcO, 0. 2JS-?%^ j ^4 OM^T' 

< . j #4 om?%zmtz>b . -^fai&mg&etft f>titf. m i <7^xmmzm 2BLmm$®<?>immjT& 

iMT LXL&d nxS* L<%\\ 1 K&&m<7)Jmmij&mft± *)i>£*)*$ 

[0073] mimm.m&vm2mmm <^o. m2(om&££^xmi%m&mb&2Bi 

&pt q Mm**-,-jUfrh%&£&bLtzb$. ffijs mmmnimmx&m'mmtf'hZKKicox-. s 

Jt*«f q . J 5 2S^P%^ q + j ^ 5 6 . 5 ®? 1 . m2R3H814l^3!c^*ttatl^^^ $ SrJiJ?^ 

0. 2ITf%£j^4 0g?%T*>£v:fcag:D# L<T*4fc*ff4Lv\ 

*u>. q+j*>*5 2^%i^r*>4fc. mmm. [007 5 3 misssiatt«<7)ajsi:m2^ia 

2 7 0r^2<oa«!!Ua5:tToTi). P t,Mnioo-,-j ttS«oa^2r^^>Li6. 0!tJf ^ 1 RSfefiBtttflOM n 

Lj^fBt&^A^L loSt7)fflflaiS?^fcfflBll^tt< < jg££&2^?att«<0MnSt@?J: 0 t,^<-tl»^t^ 

^o. mmmm^z%<%h. w^. -^ttx 50 io. SBi«ram<os*^«i^^rttJs^oii5rj; 
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[0076] BP*,, mmmmt:. X.Mn 
ioo -« (X#, Pt, Pd, I r, Rh. Ru. OscO 

2JS^%gmg6 0M^%) U SS2K 

a&«14JI£, X.Mnioo-. (X**. Pt, Pd, I r, 
Rh, Ru, 0sO5*>tf>*KKi:{> lmikOTtm. 

t, 09(c*f«k3fc, s«aaas2 7ox:^2<^» 

t ot^&WHfL 1 oS^MJfrpvi:«H!HkLlc< 

3^£&#£*$&<*6<DT1J*L<:5:^. 4fc, 
82R&fia*M<0«j££^m#4 8K^%*S^ t < 
te5 8]K?%£j8i.£i:, 3WPiaS2 4 5X:ff5mi<7) 
5rff ->T t> 3* 2R3$«iBtt«£raj£tS X. M n 

i oo-.^&j&wl i offlcofflijis^fc mwtuz< 

[0 0 7 7] m2£SS8ttB£, X.M 

nioo-« (X#, Pt, Pd, I r, Rh, Ru, Os 

5 2M : ?%^mS5 5. 2K?%4*:li5 6. 5K?% 
gmi?60!SFf%) A^i^tLk-rS^t^i') 
»iLvn ^2R^SBttt«<Offlj£^^rm*i5 2K^% 
*SS^L<«6 0H^%2rjlSiit, f&«yi&g2 7 0 

ra>8 2c^ji!ia^tf-5T t> s&2&33tatttH£ fitja^-s 
x-Mmoo-.toisfBis^^L loMioami&^^kffiao 

V>. 4fc, ^2R«»ttlOffljSSrSrrm*<5 5. 2M 
?%2ri8;fC5 6. 5S^%*SfCA«»fc, f^iae 
24 5T^m^f^£fr->*:i§&fc:, ^2R5SS6Ett 

it j: &immi>m.#tf!g 1 R&8ttJifc <fc £3<m#i 
< =ar**»*«)»4*s < , mmm. 2 7 
ox:om2^s«Hwigt:, JB2Bsaitt«#m@5£ 

wmtm 1 mmmm^xm^ 2 ffi&mmn 

52£HP%Smg5 5. 2K?%4fc{35 6. 5K7% 
Smg6 0Igfr%T'&&fc, mi^«ia<7)lgt^2R 

®att«<o^p^tt©*?:m 1 msmmv&mij 
ttatiuot jo m2£.mm<r)mizm2 
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1, m2ISSaitSOfiK^l6l5r2V^ i FtTti-Si 

[0078] mim.mtmtm2mmm<omL 
»m*>a»&bittt. m 1 sssaMtJi* , p t , m n 

100-q-nZn (ZA ? , Au, Ag, Cr, Ni, Ne, A 
r, Xe, Krff)o-hffy^<ttim^tzii2mXt 
<nam. ffl^JtSr^f q, n#, 5 2If%Sq + ng 
6 0^%, 0. 2K7%Sng 1 OWtfX) 
-£&kU 3l2R33Uai£l£r, Pt,Mmoo-,-nZ 
10 n (Z*i, Au, Ag, Cr, N i , Ne, Ar, X 
e, Kr«0^<^^<i:t,ia*^li2aia±O7C 

«j£Jt£5?tq, n#, 4 8M : F%gq + ng5 8 
HHP%, 0. 2K7%^n£10®?%) *>4>&l>£& 

t**;fcjWff4u*. IB 1 Kmmmtm&LZ^tti 
+nifi5 2WFF%m^L<\ieomrf%i:mx.ht. 
mm^.2 7 ox:cr>m2 nmrnzfr-yxi,. 
mmmzmm-zp t,M nioo-,-»z„?)ig,iy&w 

LloM<oaiQte^fcMtUc<<=$:9, ^fflffi 
BP*>, -^|6HES^86^aE#^ 

««^-tn*«o. 2m?%3mT'hhb. jtrnzcote 

\>\ 4*:, 5S2R3IStt«Offlfi!t2r^q + n*i4 8E 
^%*^L<li5 8JS^%2r»x.Sk, S«!iaiaa2 

4 5t:^ic^ji!ia^tToTi,, t&2mmmt:m 

m-tP tqMnioo-q-nZn^fBfTFAiL 1 oScOffiglJ 
30 ^S. BIJ^, ~X\tffim&i}m#Z*2%<%&<r)X' 

ff4L<=5rv^. it, m 2 mmmrms.*^ n *i 
o. 2M^%5i^STj>sk, 7mz<mmiziih-ii^[ 

[0079] m2mm&mz. pu 

Mnioo-q-nZn (Z*«, Au, Ag, Cr, Ni, N 
e, Ar, Xe, K r ^)4>&< i: 1 1 S*^i2 
SlJUi^7C*, fflSit^^-q, n*<, 5 2M^%^q 
40 +ng55. 2^^%, 0. 2M^%^ 1 0E7% 
4)tli56. BK^^q + ngeOJl^, 0. 2JS 

m2Kmmmms$.z^<i+ n# 5 2m?% 
vnm2comm*ft^xi>t&2R%i®mmi8.-t& 

P t , M n i o o - » Z n iO*£^,tS^ L 1 o moimfepK 

bjj^>, -%fo^m&mm*z%<%&cr)xi&iL 
so 5. 2WL?%zmtx5 6. smTXjmTb&t.B. 
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mmmtx h^rnnmm-m 1 f&m!&M\zi 
&3®miji&mR±$<%&tfZ(7>mi'^<. warn 
i^2 7ox:com2<rm$im<7)mz. sfS2H5g«tttJi# 
m i wssmmmfot m-^u^nzmit^tuz o . m 
2 mmmizm i mmmmxcumm 2 m. 

*F*L<3rV*. 4fc» »2BaMWWO«ll«t*tn36» 

0. 2u=F%mxhht. 7mz<F>WM\zxh--fr$\ 

n*«10Jg^%^i8i.Si:. -*[6ltt3^Si^ 
«»* t ffFLTL4dOTlF*L<=firV\ ioT. S&2 

5. 2JS J f%4fcl±5 6. 5JS^%^mS6 0S^%T 
0. 2K : ?%=£n=gl 0K7%T&&fc* $1(0 

fm&<^izt82mmmn3®m*amm& ir 

«** . m2®%mm<rmfc%foi%i®iz 
meLfc**. *i. ft2ffl£WMattfl3rffl*£» 

[0080181 R&IKtt« fc SB 2 R^KttlcT)*? 4 L 
VHW)«»^*«I4. 3SlE3S»tt»£, Pt.Mn 
100-q-jLj (L# x Pd x I r % Rh, Ru„ Ostf>5 

■Tq. 5 2S^%^q + j^6 0M^%. 0. 2 

OttJI*. Pt,Mnioo-,-dU (L*«. Pd. I r. 
Rh, Ru. Osa3*«#"fr<fc(>ia&fcli2jU3l 
±^7C«. fflj3Ut£5r$-q. jtf. 4 8El?%£q + j 
^58®?%. 0. 2K?%gjg4 01£?%) 

n?t q + j W 5 2 MR 8 - L < »i 6 0 JST%£iSi. 
Si:. »J!fflKaS2 7 0'C^m2£^SiJ8ia5:ffoTi>. 
sBlR»«tt«*flWc-r4Pt,Mnioo -, -jLjOf&a 
t&WL 1 ofi**BBfr^fcaU!!MfcLlc< < & 0 . K 

#^$^<^4wciff*L<=3rv\ 4*. mi-mm 

t , -^mm^mtH&T txito cox&t t 
<&\ m2mw&m(?>m&7Frr<i+jti { 4 

&2 4 5x:ff)micrmimi:fT'yxh. m2mm.m 

5:filfiK-t4Pt q Mnioo-,-jLdiO|£St&^*«Lloa^ 

mim^kmmtt.uz< < %*) . R3s«tt*H4£*$ 

j #0 . 2gFp%*afCfc* t . 7GXL^Shl(z J: 
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lifa&^&iimRcoi&mmtf+Mzwxzwxii} 
4L<^<. j#4om.=?%*m.hk. -^ffltt^at 

[0081] 4fc<rcofc£, 3i2K3$fi&tt«£. Pt, 
Mnioo-g-jLj (L#. P.d, I Rh, Ru, Os 
<r>o *>0&%< k t> 1 S4fc»i 2 H2l±ffiKS. 3§jSJt 
£*-fq. j**. 52M^%gq+J^55. 2IW 

0. 2K?%£j£4 0ff?K&*:li5 6. 
%gq + j^60IS^%. 0. 2®7%Sj £40W* 
10 %) *^4-^fc-T4it*W4U>. m2BM®& 
Sc7)fflfi£5r^-r q + j W 5 2IFF %*8fgL <« 6 Oil 
g"&aaK2 7 OT:«om2iO»l!l!i31S: 
frVCfca^ESMM*»^4Pt,MniM-q-jL 
j^&IMS^tfL loSc^fflBH&^vtafJ^LfcK <^c 

»S^**Sfc<*4«>Tff*L<*v\ JS2 

r 5 6 . sw^xwiX'bhk . i»»iaias 2 4 sx:^ 
ZKKZWZvmi'bZ < . »«iaas2 7 0X:o$2 

fc. $2KBiHtea(0fflj£^^rj*>*0. 2M^%5feSI 
mmtf+ftizffli&wxiitiLKKK. j#40 

m?%tmjL s t . -^ri6itt3cgi«^«** { {ST lt l 
30 toV)T&£l<%\,\ z->x. &25tsmm<rm$. 

$-Sttq. j#5 21I^%gmg5 5. 2H^%4^«i 
5 6. SS^gmgeOJS^-CfcO, 0. 2WL=f-% 
^jS4 0S^%-Ci>4fc. $l«0#W?!g<0[gfc:S2R 

ssstts^)3cBiM*ea#iSr$ i mmimn^m-}] 
i . *2B^«i!yioaEto^*5v»fcR 3 Mffc-r*i 

40 [0082] ±ao^ tyA^iimgff 1 Ji % 

(HdK Hd2) <0^ri»J*<7y-att®4 4fcfcV%Ti:^ 

#7'J-iatte4 4fc;fcv%T2^fc:R3fcU 7'J-«1t 
«44tC«A-fSit*ftO:<. ftot. 7'J-JKtt«4 
4<mfttifo (H f )ll$K $2@^i8ttfl4 9. 
4 2<^b^|6)fc:^$jT.T«<^fc^<. 7UHR 
ttii4 4 <WM TX<om&Z®$HZltTO Z k tfTZ . y 

v-wm44<nmjmkm . m2^attS4 
50 9, 42<nmc^^-ms.^h^kifimz^ . ^. 
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VyWmmmW$m?<?>T>>>* h 'J- (Asymmetr 
y) £>bZ<-rhZ.ttfX'Z&. 

[0083] tiz. mimmm4 9frt>mtit:mm 

78t# (Hdi) #82@saattl4 2tcftAU 82@ 
£BHt«4 2*^jiixfciR|» 18* ( Hd 2 ) *<81 m. 

mm49{zmxtx. mi. m2m^mm49. 4 

2ffS.Mz®m>£&£2tiZ>cDX'. fl-aHKIW=«kSi* 

[oo84] jgt. mi. m2Bmmmw. pt. p 

d. I r. Rh, Ru, Os, Au, Ag. Cr, N 
i. Ne, Ai% Xe. K rtf)?^«04-&< 1 1> 1S2 

zimmxmiftzmLZitxmi. m2mm&®4 

[oo85] ±j&ff)xv>wmMm®5m?<os& 
uma. i&s<ommx-m2^mm4 2com{\^ 
fomzt. 2m<mxmx'mim£mm4 9<m 
ftjjfo&ffitt&ox'. mi. m2ffim&m4 9. 4 
2co*ti?ti<?miU3m&M<?)i3foiz®%x'Z. mz 
mi<m^tm2<nm^mm^tizw.^b-rtz\ 
ttzx*). mi. m2W^&mcvm3Tm-§\^zK 

[0086] }$:iz. #f^o82<olii!tfB!S£0iij£# 

mvxmtt&. hi ommi itz.it. *mxom2 
. (rmmmx-bhxvyj^v^mm^z^. 

zix^(mizt}^xm&LtzmiAxm2sffl<m 
mm t m-<r>mismmiz\m-$ft$: n tx wmw 

[0 0 87] ZnXtyW/WfflSm^te. 7'J- 

Mm**MzLxz<r>±y\zimmmm. mm& 

mwm^x-b o . iffS7 y -®.m#. im&*m§ 
z-fttx 2m£#mztixmii&tix%& 
i o o 8 8 ] m i omm 1 1 tstxtf yjwrwm 

■MtftS? 2tt. T*»^«K3 0. TiftJf4 0. 82R 

m&m4 1. m2ffi&mm4 2. mamma * 

3. 7'J-GKttl64 (fiF^6 5»iS[S2 7y-&teJi. 
6tt=JHKtt+ig«. «F^6 7m 1 7 U HMfc 

a) . 4m&mmm48. mimm&m49. miK 

xb&. m. mi nz^ctxoiz. rtm4 o&t>&.m 
m 5 1 f3xc?mmm>mtiuzii. >u rxm i3otm 
mil 3 1 imtLztixm . tfz.miyv -mm 

6 7 fc827 IJ-1N6 5<T)W- ZtemK-yXm&Ztl 
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[0089] mi. 211153114149. 4212. mt& 
CoWi. N i Fe^ CoNi FeM, CoFe^ 
&&fc*TJBj£$*rt^&. £1Z. T*fil4 0ttTa=5ri; 

<^rattt**^^ o . imvmmm4 3 . 4 8«c u & 

BMttt*>£>&S. 8l7'J-1Kttl6 7i:827 

uhwm6 5isttt^fLTv^^tt*iaa6 6<±. 

Ru« Rh. Ir s Cr, Re. C u<93*> 18$>&^ 
li2^U:<O^T'^fi)t$*rO^ U*. 
10 [0090] $1, SS2R3&8ttl5 0. 4 1«. 1?^ 
tattle. Pt. Pd. I r. Rh, Ru. Os. A 
u. Ag, Cr, Ni, Ne. Ar. Xe, Kr(D?t? 

<7yj>%<tMmttzi*2mj±<7>jmt. Mutts 
ts£&ire>%z,i><r)X't>*). mm^mmizxmi. 
m2mmm4 9. 4 2t<mmizx3mm%mi# 
#m&tix. mi. 82@jaatti4 9. 4 2$-e^ 

[0091] &tz. t&iotzm-xiiz* miyv-m 
&M6 iwm2 ? v-mmb 5\&*ix?ix2mx'm 

20 ^^114 3. 4S\,zm-hWAzm 

ti&ixtzm i y y -sea 6 7 <^ji 7 1 Rvm 2 7 u - 

«ttS6 5coS6 8liCoJ^CJBj£3*iTV>.6. 
^NBttt+Sii 6 6 *«X,T#J*S*l"0»4» 1 7 'J-K 
ttS 6 7 col 7 0 2Uf« 2 7 y - ©ttfl 6 5 <0« 6 9 
\i. mm. NiFe^i, CoFe^i. *4V^iC 
oN i Fe-£&&i:-eS&£SflTV^. INatt^S«4 
3. 48fc«ft4168. 7 HComX'B&t&Zt 
izX 0 . ft«b^?r±^ < T£ . L*-t,^«tt^S« 

43. 4skm&£m±-thzt&x'Z?>. 

30 [0092] 01Ofc^rr^lH®Stt«49Xtfm2 

@^iaei4 2tt. 8i. m2K®mm5o. 4 it 
W£8mm4 9wm2ffim&m4 2tmi. m2K 

SUSttl 5 0 . 4 1 fc o*BtT%4-r43c«^^fc:J: 

h^mm^mmzxmit^tLx^i. mimmt 

14 90SR^ri6j{i. 0^Y^ri6]<oRJttri6|. i-Zfr*> 

mmiz&rf<mizmz$ti. 82@^etti4 2 

40 1 . 82@S»ttl4 9 . 4 2«WB»II4, S^lCR 

[0093] i^r. 7yHWM6 4fctJV»TI4, 81 
7 !)Httl6 70l4l9SfM^^ 7X1 1 3 0«0?Km 
fcioTa^X^rifiltil^^ii. 827'J-lK1tl6 5 
wH^iSjj&^x^riiKOSJttriPifcH^^ iix . 

827'J-Kttl6 5{i. 3c«m^ttfiHE* (RKKYffl 

sfwn 1 7 y -Ktti 6 7 tm^m^zm^ 
ztix. m*x^nmtttizmtt.ztuzimb%:r> 
x^h. mi 7 y-tttti6 7&vm27 o~mme 

50 7x'J««*«*»«r^, ^K#<0^« 
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m S#3S2 7 'J 6 5 J: 0 SflTV* 

-*VM4. ^l7U-jatt«<0*A^<^-?TV^ 
5. ^T, 7y-?Ktt«6 4:£ftfcbT«4. S&17y 

-ants 6 7 mm 2 7 y -«tt® 6 5 

[00941010. 11 e*rt7.t:yA^7MiI$S 
^2fc»-5T»4. m7UHW!W6 7*»fl3Kflll2 

7 y -«tti 6 5 <mm&izmn&{m£<mt hm 
fc^oTfcO. ^i7y-iittS6 7a^27y-e 
tti6 5<^asa^t. mi. m2m&mm49, a 

aara-frsta, mi7y-ae«6 7t^iH^attt 
JM^saasMaitf. si27y-BHW6 5^312 
@^«tti4 2 fc tig&ae&tf* gen tsai^ji^ 

4ofc. SB1. Sg2@J3Kttfl4 9. 4 2aOMH>rtl* 

•ww-sawt* 1 **. t**)*, 8U7y-«ttJi6 

7 fc£ 1 M8EttJf4 9 fccOjg^b^ft^tC^S fc 

^27y-atit«6 5fcm2H®att«4 2fco» 

»L*>ft*K*£4 3tU l&l7y-8ttB67fc 

« 1 @5aatt«4 9 fccojas^^s/ht^s t ^ , m 

2 7 'J -SttS 6 5 fc SB 2 0£BHiJI 4 2 1 (OStn^it 

[oo95]0io. 11 izjjctxKyrtfrymmms 
^2ttev>T«. m7y-ate«67fc!S27yHa 

&M4 9<mittm2mmm4 2<r>m.tim.^iz 

[oo96i ±j£<?>x\z>rtfrywmmmm?2ii. 
ffiftoxvyj^Twnmism? 1 tiztmm:$m 
^miziow^rhztifiT^i. w*>. mio&m 
1 1 iz^-tx 0 %rm4 0 t^mm 5 1 zm<mm 

(h,i) ^winiLoo^i«ff*«fflKajg (t.i) 

JILT.Sf51. 2R381HUI4 9. 4 2 fc£S!#l:frtt« 

*<H P r s h p2 ) zmLZitxmi. m2Wfim&m 

4 9. 4 2<7«'lt^ri6)?r0^Y*[6){C®^rs fcftfc. 

»2RSsaHt«4 2<n^mnm^ < h p2 > ir 
«®tt®4 9<o3!cSi^*tte* ( Hpi ■ ) x*) tTct-r 

(T.i) «t0t«V^2<^W!SffiaS (T.i) TJ6J81 
LT. jfefclfe4Lfc»iraiafiJH4 9^3««S^rtt« 

#(Hpi' ) 5rHpifcU Stlgl@^aittS4 9c7)a 
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[0 09 71 ;mty^^llKB»aff2li. 15 
214. 7 y HM9M 6 4 6 6 * &A,TB 

f&z tifzm 1 7 y -KttB 6 7 ft t«B 2 7 y -s&ttJi 6 

536*6*0. mi. H27y-«ttJ867. 650Sfc 
«4-t45a«»*fflK# (RKKYfflS^ffl) Wot 
351. 3S2 7'J-a[ttJS6 7. 6 5<^)S8fli*R¥4ftt!B 
10 (7x»J«US) £3*1/030. »17y-8fiH67i: 
352 7 y -SKttJl 6 5 <DSMfc#. 5MRHK:jtt LTSK 

[00981 

xty^Ts^jus^^i. mi. m2mmom 
(mi&imim^tzK^fttztix^&cnT. mi.m 

20 «W7y-attt«tfcv^s^fcRi6L. 7y-aat 

#1*1 (H f ) {4. f&l. m2@^lSttil^JK^ri6l^ 
S2^T«< ;t^<. 7'J -mamwu TX<nm 

mz®%izffoz_t&T$. yv-m&mcvmfUifot 
mi. m 2 wssmmmftjift zmi^t&z t ^« 
mz**) . xtyA^T^afim^^r ^» b y 

- (Asyasetry) £'\^<^&ZbtfX'£l. 
[00991 *^.^1 @^«tt«*>6jSh.fc«S : FSBt 

*^2a^attst:ftAL. m2@^©ttjf*^m 

30 toRSflWSg 1 B^atttUcfSA . m 1 . ^2 
JIFF ^^WSrSSSttS: C i: *fC * 4 . 

[01003 igfc. mi. ^2R3Siatt®*<. pt. p 

d. ir. Rh. Ru. Os. Au. Ag. Cr. N 
i. Ne. Ar. Xe. K r<0d *>0^*< 1 1> lgt 
fcJ428JaJiO7cttkMni:J-^tri^*>6*0. 
*3aft^^Ttta*5:^$-li:Tmi. ^2@®KttB^ 

m.®&i>fMxhh0)x. rnitzmmmm^m 

[oioii ittmfrxvy'^ywmmmTtt. 
m i , m 2 7 y -«tta<o^t%±-f S3sa«^^tt«# 

(RKKYfflSffffl) tioT^l. 8S27y-BHlS 

( 7 x y tts ) t 7 y -«tt 
H5rA«iLT*y. ®i7y-iattafcm2 7y-aEtt 
loset^. ftmLmzftLxf&&&<%&*imkt& 

50 
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[0102] ^wjfrttyt^vrmmwmsm^em 
£B£u 2&Bmnmx'mim^mmm.itm 

- (Asymmetry) tf/hSVttevAArTaSNRflftX? 

mi i *m\e>m i emmm?i>&xv>w/ 
[@2i *mmi<rmmmbhxvv*)V7 
[03] ^minxvvwTwmmsmwmL 

[H4 1 *m\<nm i <mim®v*>&x\:>w/ 
*s. 

[@5] *m\o& i <rmm>mrcs>z>x isyw? 

[06] *mvx\f>><fr7mm®$m?<o$m 
[07] *mcoxvyj^ymmmmm?<r>$m 

[08] Pt55.4Mll44.6£&&tfPt54.4Mn45.6 
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[09] Pt.Mnioo-.^03cmM*ttSlt*<OPt 
JUS (m) {&#tt5r^^7Tfc&. 

[010] *m\<r>t&2<mmmx'bhxv>*)\, 

[0ii] #f£Hfl<om 2 coHte»©-c& * x try/^ 

[012] ta^xeyA^rSfilSaEmS^S:^ 
Bfffi0T**S. 

10 [013] fi^xey^WS^Isam^iSrfliio 
*i6]*^*^Biffi0-C*>S . 
[014] fi£3fcDX t W^rS^)8lS§%*^@S 

0-CfcS. 
[flr^OSiBH] 

k 2 xvyjw/mmmsm? 

4 1 3S2R3$SKtt)l 
4 2 ^2@^Ktt« 

43 im&mmm 
20 44. 64 yv-m&m 
4 8 ^tt^mi 

49 mia^tts 

50 &iR%m&m 

6 5 SBl^U-lfcttif 

6 6 im&ma 

6 7 ^2 7U-Htt« 
150 SKaSCvyK 



[02] 



[03] 




130 



130 
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